ABSTRACT from a droplet picture of metastable decay and show it to be qualitatively different in the two distinct decay regimes mentioned above. 'H. L. Richards et al.
Preisach and Jiles-Atherton models are two of the main approaches to magnetic hysteresis in current use. In this paper we show that, under appropriate conditions, they are physically equivalent. The starting point is the proof' that the hysteresis properties of a domain wall moving in a Wiener-like pinning field profile are of Preisach type, with a Preisach distribution p ( h , ,hu) proportional to exp(-h,/Hc), H, being related to the statistical properties of the pinning field. This result pertains to indefinite wall motion and contains no description of magnetic saturation. Saturation effects are taken into account by modifying p ( h , ,hu) into exp(-h,/H,)g(h,), where g ( h , ) is an integrable even function of h , . The behavior of the system is govemed by the energy balance -y,MdH=dG+ SQ. where d G is the variation in Gibbs free energy and SQ is the amount of dissipated energy when the field H is varied by dH. d G and SQ can be explicitly calculated from p ( h , , h u ) in the frame of a recent thermodynamic interpretation of the Preisach model.' One finds that, along the saturation hysteresis loop, the previous balance reduces to -MdH= -M,,dH+H,dM, where M,,(H) is proportional to the integral of g ( h , ) . 'G. Bertotti, V. Basso, and G. Durin, J. Appl. Phys. 79, 5764 (1996) . ' G . Bertotti, Phys. Rev. Lett. 76, 1739 (1996 . A procedure for the analysis of metastability in the H-space of a uniaxial ferromagnet is put forward. The formulation is valid to any order n in the anisotropy expansion. The critical boundaries separating stable from metastable states are cast in a formally decoupled parametric way as Hx=Hx(Mx), Hz=Hz(Mz). The analytic expressions provide the basis for the construction of generalized astroids to any order. For n greater than 1, new features are found and interpreted in their relation to rotational hysteresis in ferromagnetic materials. The shape and symmetry of the critical boundaries and, hence, the details of the coexistence regions depend CNcially on n-1 ratios plus the sign of a suitable normalizing quantity. To every given n, values of the constitutive ratios exist which bring about 4p-fold symmetry (p= 1.2,. . . .n) of the generalized astroid whose vertices then lie on the unit circle. All other cases at a given order which still exhibit reflection symmetry with respect to both axes may be viewed as continuous deformations from the most symmetric ones. The multiplicity of the symmetric curvilinear 4p-angle is preserved up to certain critical values of the ratios where a topological transition occurs to the astroids of the neighboring, 4(p-1) or 4(p+ I), multiplicity. These transitions are related to corresponding orientational transitions which cannot be treated analytically except in low orders and for special field configurations. One builds on these insights and searches systematically for practical possibilities to eliminate undesired hysteresis features by making use of the magnetoelastic coupling via the application of stress of sufficient magnitude along a suitably chosen direction (stress creates n = 1 anisotropy through magnetoelastic coupling). Comparison is made with a similar approach proposed for cubic anisotropic materials. In the latter, there is one more angular degree of freedom to be coped with and one is forced to implement a small-angle expansion about a high-symmetry axis.
11:oo CD-09. NUCLEATION OF DOMAIN STRUCTURES WITH DIFFERENT FORMS OF TOPOLOGY IN QUASI-UNIAXIAL FERROMAGNETIC FILMS. G .
A. Shmatov (Inst. of Metal Phys., Russian Acad. of Sci., S . Kovalevsky st., 18, Ekaterinburg, Russia,
620219)
A theory is developed for the nucleation of two-dimensional inhomogeneous magnetic structures in the ideal, magnetically saturated by planar fieId, quasi-uniaxial film with a high uniaxia! and low cubic anisotropy K,.
The critical film thickness D* which is determined by the value of K, has been found to be such that if D<D*, then only the one-dimensional strip structure is nucleated within the strips being oriented along the planar component HP of magnetic field. If D>D*, then depending on the orientation of the vector of equilibrium magnetization 0 relative to the plane of the film and depending on the orientation of H P relative to the crystallographic axes, apart from the above-mentioned structure there are onedimensional strip structures with the strips oriented at the certain angle 'P(D,Kl) to H, . Furthermore, two-dimensional lattices of magnetic nonhomogeneities can exist within the narrow range of angles @ = 0 . These lattices arise from the superposition of two (in view of the cubic anisotropy solely) systems of strip magnetic disturbances oriented at the angle O<'P<1/2 to one another, and they result in two-dimensional Moivre structures. The theory under development explains the formation of twodimensional domain structures (such as the bubble lattices of different configurations) in quasi-uniaxial magnetic films in terms of the evolution of the two-dimensional inhomogeneous magnetic state formed by means of the second-order phase transition. The spatial structure of this state is completely determined by the nature of the crystallographic anisotropy being superimposed on the uniaxial growth anisotropy.
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CD-10. MICROMAGNETIC LOCALIZATION. R. Skomski (MPI Halle, Weinberg 2, 06120 Halle, Germany)
The localization of nucleation modes in inhomogeneous permanent magnets and its influence on the coercivity are investigated. The starting point is the formal analogy bcrween quantum mechanics and mioromsgnetiss, according to which the deviation M(r) of the magnetization from the ideal c-axis magnetization M, e, corresponds to the wave function and the ground-state energy is related to the coercivity.' Nuclei in ideal ferromagnets, such as homogeneous ellipsoids of revolution, are delocalized, but morphological inhomogeneities may cause localization. In particular, extended microstructural defects give rise to strong localization, whereas weak localization is caused by arbitrarily weak random disorder. As found by Anderson,2 weak localization depends on the dimensionality of the problem and dominates in less than two dimensions. The nucleation modes of one-dimensional arrays, such as multilayers composed of hard and soft magnetic materials, are therefore subject to weak localization, even if the superlattice exhibits a nearly ideal periodicity. In the case of Gaussian disorder, the localization leads to Urbach rails and zero coerciv-
